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TITLE OF THE INVEWTION : xT„^i^.p,r 
^tr;7^S^:7^vel Calciu^P^at.. Ger. Codong for a Nuclear 
^teS ?or Reguiati..g C^U Proliferation 

BArKOBouio OF THE mjmnwz 

,„^ea ca,c,„. —ion p.a3«a . — .ed wl^n' . ve., na.ow ran,, ne n>apr 
Llne(PTHV..5**o.,vi.a.inD.c.,oUoninanaca>ci™n«f.,..«.ex.^^^^^^^^^ 

...a.. . own e„„ce„.™.ion a. an — -.n., W -n. on . 
„ 0, calcic sen».. The ca— ns reoep« is .in.ed ,o several .a— 
.eoond «essen,er sys.e.s via gnany,,. nnc,«.a«Un, O pro^ins and ac>,va« 
pKosphoinosiiide-specfic phosphoiipase C, ieading .o acc>„nn,a.ioa of .„os«o> ..4,5 
trisphosphate (IP3) and diacylgiycerol (1-5). 



'List of abbreviations 



RN ht Brown-Norway rats 

SmEM Dulbecco's modif.ed Eagle's medmn 

PBS Fetal bovine serum 

Fetal calf serum 
Green fluorescent protein 



FCS 
GFP 
GST 



PGR 
PHF 
PTC 
PTH 
RACE 



Glutathione S-transferase 
Hypertension-Belated, Calcium-Regulated Gene 

Inositol 1.4.5 trisphosphate 



HPaRG Hypertension-ivcioi^ 
II3 Fnositol 1 .4,5 trisphosphate 

i^TF Multiple tissue expression 

Abf Negative calcium-responsive element 

P A^-F Polyacrylamide gel electrophoresis 

pjo Phosphate-buffered saline 

Polymerase chain reaction 
Parathyroid hypertensive factor 
Parathyroid cells 
Parathyroid hormone 
Rapid amplification of cDNA ends 
_ Reverse transcription 

^' Sodium dodecyl sulfate 

o„R Spontaneously hypertensive rat 

Standard sodium citrate 
VSMC Vascular smooth muscle cells 

yJ\(Y Wistar-K-yotorats 
2,pp7 Zinc finger protein 7 
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„„ .he — , .S-.a.o.. sy„U,es. s=c,=.io„ of PTH. The. ,s growls 

..„ce,.„,. ca,*™. such as *o»o^n . a.. Sec..o. Pro.e,n-. (7), 
hypertensive factor of parathyroid origin (PHF) (8.9). 

..caheaunnary «a„<. ...es ^^^^ 
„,_,yhyp..s,«.^^^ 

;:^;,„„hyper,e,.,veanin.>sanah„n,ans(forreview.« 
.ascnlar snaooth mnscle cells (VSMC) from yp ^^^^^^ 

,„ SHR as we., as . — hyper.ens.ve P* - ^ 
re.a.ionship.t„eene— ara..ntraceU„,ar.c^ ^^^^ 

Ta— — - - hTi:,:: n 

.,p.ensivera...eprepare.ac...,i..f™™.«^^^^^^^ 

-'-^ trcai::::^^^^^^^^^^^ 

r:::rr.nS„r«C..isa.c,earpro.ei„„ithpn.ive.,e.c^^^ 
„„„sandispoten.ia„y«rvo>veai„.here,u,.t,o„ofce„pro,ifera.io„. 
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EXPERIMENTAL PROCEDURES 



.™ (PCS,, 3S desCM pr=v,o.s,v (9,. They we ..a — ,n H- ^2 

:i::3::n:we„.,....»oMeM— s.«-ua,r««„..n.^^ 

maintained in 5% CO, at 37°C. 

,,cWa-rW"»"- .he nghtWdney was removed through a mid- 

™r were anesthetized with light flurane, and the nght Hon y 

■ on The left Mdney was subjected to warm transient ischemia by occluston of 
e,osedwitha2-0s,r.nre.Thera.shadaccess.„waterUnmedia.e,yaft.rsn,gcry. 

,™,a™,*.™McZ,N.«W ^^^^^ 
,3„.hyroidg,a„d.w ej^^ 

mtrogen. The giands were added gu Poly A 

, was isolated on an o>lgo(dT, colun^. The cDNA hbra^ 

, . .„d the ZAP-cDN A synthesis kit (Stratagene, U Jolla. U.S.A.,. A 

t lAwaslrse-transcrib.d,.ma„Xho.-,^eroligo(dT,p„mer 
theprotoco,isasfollows.mRNAwasre second strand synthesis was then 
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f ^rri the V end of the cDMA. The resulting 

veoor usmg T4 DNA ..g ^^^^ ^^^^ p,,^,, 

pU,edo„.obac.eria,hos.plaUs(XL,.B.«MRP ) ^^^^^^ 

(„pia™pl.fica.io„ofcDNAends,,p.d>,c.stoHMbe,ow. 

.^^.Ompre^"^". ^^^^^ ^^^^ 

To.a, RNAs were prepared from ra. cells and g ^^^^ 
,.eya..e.phe„o.— n.e.od(aO,andKcpU..O^^^^^^ 

reaction (PGR) amplification with "P-dCTP. 

3' or 5'-RACE „:ti,nv desicned according to the 

Po.n..»esordege«era«oHgon«e,eo..epH,.rswer ,.«aU de^^^^^ 

. .fPHF With the following degenerate sequence. ^ lA^ 

Pr„„*,KACBexper..e„.(-..ed.,ow), . 

- ^^^"^ " cc io TCC CAC r:C CO was seared for Us a.U. .» 

imique sequence pnmer lAC i ^^^^ 

_ — --::::::,riK.^-"cwa. 

s„bse<,«e.«ly as candidate prm»r for 3 -RACE. ^ 
17-base oligonucleotide (adaptor). FCK P 
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adap.e,. which hound .. cDNA a, V-^. a»d ,hc candidate pnn,cr mentioned ahove (2,). 
F„. 5'-RACE. RT was underUto wi.h an in.en,al primer derived from .he sequence of U>= 
CDNA .Vagmen. ge«ra.ed hy S'-RACE. A dA homopo.ymer ,ai, wa. .hen appended .o .he f.s. 
.^a.ac.ionprodue. using .e™ina>deoxyn«c,.o.idyl.ransfe*ase.nna«y,PCRampl,f.ca.» 

was accomplished wid. .he hyhrid primer described previously and a second inrema, pnmer 

Upstream to the first one (21). 

Subcloning 

The DNA fta^en. generated ftom .he RACE experimenrs were sepa«.ed hy e.ec.ophores,s 
.„,a«d from agarose ge, and ex„ac.edhyd.epheno,— method (20). pSP7Z p^a^^^ 
(Promega, was diges.ed a. ,he Sma > si.e and liga.ed .o hiun. DNA fragmenrs wrd. T4 DNA 
Ugase wormed DH5. E. coU haC^a were grown and recomhinan. baceria were seieCed 
by PCR. Similarly. HCaRG was subcloned in pcDNAl/Neo (Invtaogen. Carlsbad. U.S.A.). 

TO dercnnine d,e subcellular localizaUon of pr..ein in mammaUan cells, U.e codmg 

regionofHC»«Owas,i.sed.ogreenfluorescen.pro.,n(GFP)cDNAandwasUansfec.edm,he 

,el,3.Brie„y,.een.irecodingregionofHC»«OwasamplinedbyPCRwi.h.hepr.n..^ 
TCT OCT rro QGO GCT oca got CCA TAC TTG CAC CAT CCC and TAA TAC GAC 
TCA CTA TAG GGA GAC, gel purifred, and firsed in-ftame .o GFP in pEGFP-Cl pon.ech. 
Palo Al.. U.S.A., d^ough a blun, Hind «, ..e. pEGFP-HC.O was .hen se,uenced. Sund^ly, 
,hecodh,gse,„enceof«C^Cwas<l«dinframe.ogluMhioueS-.ransferase(GST1mpGEX- 

3X (Amersham Phannacia Bioiech, Bale d^Urf^e, Canada) .hrough a Sma 1 si.e and a blun. 
EcoR 1 site. 

Sequencing •„„ o n 

Double-s.randedse,uenci„gofc,onedcDNAin...s was performed „i.hSe<,uenaseVrs,on2.0 

(Un..ed SU,es Biochemical, Cleveland, U.S.A). 5 .g of recomhinan. plasm.d .empla.e were 
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dena^ed, annealed wid, T7 or SP6 prtmer. and labeled wi,h "S-dATP by ex,e„sion, ustag .be 
chain tenninationmeftodofSanger according .0 the manufaen-rer'sprotocol. 

Cloning of human HCaRG 

A 439.bp cDNA fragment of ra. HCoHC was "P-labeled and sen-ed as a probe for .ree„,ng a 
bnman VSMC cDNA library. DNA fro™ positive phages was puHf,ed and ,he ftagn,e„« were 
coned h. pBlueacnp.. All ftagnrents were se,ue„ced. We ob^ined a ,355.bp .^gn,en, 
containing the coding region of HCaRG. 

2,gofpolyARNA from PTC or 10,g of total RNA from ^dneys were denan,red at 6rc and 

separated ^ denat.nng formamide 1% aga«.se gel. After transfer onto nitroceUnlose by 
vac„nn„hybndi.tio„ was perfonned overnight nshrg-P-Ubeled probes generated from CDNA 

c,„ne(s, by PCR or random laWing. 1 ^g of total RNA was nsed in dot blot experiments. A 

bmnan multiple tissne expression (MTE™, array (Clontech, and human fetal and »m„, pane 

NorUremTerritory™ RKA blots (Invittogen, Caristad. U.S.A., were hybridt^d with P-labe,ed 

bnman HCRO cDNA according to the manufacmrer. specifcations. For ,u,nti,at,ve 

detenn^ons of HC.RO mRNA. tou, RNA was e,t«c.ed from PTC and reverse-transcrrbed^ 

.n=tn,rted usine the PCR Mimic Construction Kit (Clontech) with 
A HCaRG competitor was constructed using me 

rrx rrxA GCC ACA GCC AGC TAC CCC AGC CAC CCA 
the following composite pnmers: GCA CGA GCC AUA o ^ ,^ 

^TOTACCsenselandTOTOACTOTCAOCOGOATOOAOTCCOAOATOTAOAO 

GOC (antisense,. The 344-bp DNA obtained was Coned into pSP72 and transcribed w.tb 

polymerase. The resulting R^A was ,ua„tifted by photometry and subse,ne„.ly used m 
compettttve RT-PCR. The competitive reaction contatnedlorapg total RNA withincreas^^ 

amounu of competitor cRKA along with "P-labeled nnCeoHde. Two primers TGT GAC TOT 
C.OC0OOATOOa„dOCACOAaCCACA0CCA0CTACCn.n.ngtbeHC~ 

„ere employed to amplify a .S6.bp cDNA fragment. PCR was performed: .5 sec at 95 C. 
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3eca.6S«C,30sec«72.C.fo.30cy.es.foU<,w.d>.,a5-™.n=>o„p.io„s.pat7rC..O^,of 
for quantification. 

Tl.„es ftom SHR and WKV ... wete H.ed ,n phosphate hnff«. xed , 4/ 
ata,o„„a.d=h,d= and enthedded .n pa«mn. 3- to 5.n. sections cnt and n.o„.cd o 
rlopesiides ptettea.ed».th 3.ninop,op.thie.o.si,ane. The siidcs wete dtte 
:;C..he:at.-Crot.o™np.ot.onse.Theptoheapp>iedwasau„.ne300.hp.^^^^^^^^^^ 
2«,.nP,s.». 2A,.hichhaa.eensnhc,o„ed into the BatnH.siteofapSPT^vectot The ONA 

r::nldnsin.T,otSP.P«i.n,etases.octea.e sense and antise.e..pto^»^- 
.e.,ahe.dwithdiso..n.nW.Th.wete.a,ida,edh,dotHoth.hHd,.t.oh«^^^^^^^^^^ 

P^hy^Hdization of sUdes was undettake. attet de-wa,., ,n xyiene. foUowed b 
:^e:thano,.„a.eth,dtation.S.t03..,.Thes,ideswe,ethtsed,„pho.^^^^^^^ 

• u . K r20 ue/ml) for 20 min at room temperature. After 
.aline (PBS) and incubated with protemase K (20 \igim 

: i estil. the. wete .sed s— . a.cine hnffet, PBS and .en dehydtate^^ 
loLc™a,pteh.hHd,..ionwasdo„ewith,0.fot™a.,de,0.«s.intndo^^^^ 
<S.S,,0.>.Satcos.,«sta„d.dsodinntci.ateCSSCNaa(0.,.M,.so .nntc, a^^.^^^^^ 
„ ,„), and « Hoc^S reagent (Roche M„,eco.at Bioche™,ca,s, fot . h a. 6 C. 
LdLon was petfo^-ed by addin, the ptot. (200 n,nd, to 50 p, of 4X SSC and 5 . 
T L The sitdes we. .neubated ovemigh, at 60=C in a humtdified chatnbet. 

:::::ir::iwasp,acedoyet.et.ssne.c,.o..eh^^^^^^^^^^^^^ 

. . H »«h 4X SSC then washed wid. 4X SSC fot 15 mm and m 2X 
^ved and the sections nitsed with 4X SSL, 

SSC for ,5 ntin, at toon, tetnpetatnre. Finaiiy. the sections were washed w,th 0., /. 

I 0.. pot co,o.at,on, they wete washed wUhB„ffe.,and.of the 0,0 — 

Icon Kit (Roche Moiecniat Bioche^cais, They wete then .cnbate w. ...tO 
3,.,h,e phosphatase antibody(.:500, in Bn,ret2fot 40 .in, washed tw,ce.nBn.e-,fo 
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InylttotransUttion j w RT PCR with specific 

The M, .eng* of *e HCaKO coding se,u=nce was .yn*e.zed by RT-PCR P 
" a„.Leadow»,.a„of.heT,pr„.oUr,„.o.hepSP72vec.o...<™ — 
::lio„we„..o.ed..ga«co.,ed„e,^^^^ 

Kadioac.ivepr«ei„ha„as«eredeUc«dhy«gwi.haPhosphor.™ger. 
Antibody production 

.„p.c„„naO.C-A_=0.3.W-P~.— 
c.„ce..Uo„ofO.,^a»d.ece,,swe.c.^dfo.h.P— ofOS..HC..» 

pe^o^cd acc-ng .» .he — s .Coco,. Po,yc.o., a„..e. wi.h a-od.es 
^g„i.„g«C.Cw«p,od„codhyi— of.«.™.o™.o,e.„. 

...... pa.fo—de.i.O.O«,— i„pho.pha,eho.^^ 

1 .pa«of.e.peci™e„.«asc.op„..edi„O.Msoc.o.pho.ha,eh.fe.o,.o» 

; a. -C, .hen .0.0 . a co,d g.»d.e„. of ^i. *ogc„ .ioge,. CPPO. Sa. Pnes 
l,.o..,and,„.e.d...-.d....™.---P— 
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...,n, PH 7.4, .0 ... T.. were .e„ .c„W fo, . . Hv-a, .0 
...,,...C»..P«.e.a.o—on:,OOOa„ar.SO ....... .o.„sec„^^^ 

.„.^,0.0,MT.,O..MNaCU.a....,pH«.-U.-.n..e.«a.e.. 

.L a. ««a w. ne s.c,«, 0. .e ..ca, 

„3e.,„„wa.e..o„se.o.w>.o™.-orpn™.an,,...a..— 
.«..,..pa.c,e.a.so^-.e„..o..a,.a.o.e„e.«P....U.esec.^ 

„anv, ace^te, c^^eOae. . « an. Low.., se«,o. we„ 

contrasted for 20 min in 5% uranyl acetate. 



Tr-nnKfection and subcellular localization 
: riwe.pU.e.a.-30.0..— ,Ua,pHo.o — w..^ 

„ r EGP or poDNAI/Neo-HMO. according .o .he calcium phospha,= 

with 5 pg/wcU of pEOP-HCa^O or pc , „ , . („ poo 30 min al room 

,hod After 24 h .he cells were fixed wi.h 4% parataaldchyde ,n PBS tor na, 
method. After 24 h,.h .„ pes cells .ransfec.ed w.h pEOFP-HC««C or 

.^pera^re. Pollowin, 3 washes w,.h ^ _ ^eahili^d wUh 0.3% 

,..A,.eo.«C...were.o..ed — 
Triton X-100 for 12 min, blocked w.th 1 /» BSA 1 geia 
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...... a. 3.C > . wa.e. in 0... BSA, .c... wlU, ^^^^^ 

fluorescence microscope. 

rrr:=P,a...a,OO.....a.a...o.O...O^ce,..^^^^ 

.„.ec.a wiU, o„„., PUS^U p— Cv.™.. .a... U.S M . H 
pWa— .«..C..«..nsa-a.ea,c,„.pHosp..e„^^^^^^^^^^ 

;ureTee.o,o.e.B»Ca.aa,.«e..wee.>ee,.eswe.p..e.a„a.e,eve,or 
ec«pieHC<,^Gexpressionwasde.emtaedbyno«hen,hybhdiza.,on. 

C<H £»»"«■"« a«i'H-lh!^idine mcarpor.lio^ 

XHe „.e V s««e Cone eeU proHferaUon was measured by co-.. .he nu.be. of eeUs after 
p,a.i„.Ce..we.seededaUde„si.yofO.,x>0'ee„.6.we„pU.e,wi.K«ipUea.ep.a.esfore.eb 

ee„,.eE,e....eee.we.e..ps,n..d.dcon..ed™abe„..e,.HBK.«ee. 

wb.b.ablyexp..sedeUbe.Ne„eo„..,p.as..do,HO..«we,e.ed.r.bee— Of 

ONA.„.Kes. by >H-U,yn.di„e.„eo.o™«o„. The Clones we. .^...da.,0.con«.^^^^ 

...„.ed,„a.,anda.dbe«cy.o.e.e,a„di„oc„,a,eda,an.de„UcaH*Ue,,.^^^ 

OMEMco„-n..O./. PBS and a.,Sa.4«,ps/n...AUceUs we. .oeuU-ed. 

P„,y„-p.»ea,ed.4.wen pU.es ,navo,n.eof,n,.weU,40,000een.we«^ 
„<,„ed.oan.eband^wforapeHodof.4.Sb.Tbe.ow,.n,ediawe„.be„.eplaeedby 

OMBM eon.a,.ng 0.« PBS and 04. (40O fo- a peHod of 4S b .o 3y„c.o.se .be 

the cells were supplied with fresh medium containing 
cells. After the synchronisation period, the cells were supp 

f.r 48 h r'Hl-thymidine, 1 tiCi/ml (ICN) was added to the cells 
10% FBS and allowed to grow for 48 h. I Hj tnymiuu 
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fo.,h=,as.4ho,.He 43 .-g.w«.pertod.MU,= end of incubauo. the .e^iun. was remove 
.a.he™no,a,e,.wasM»,cewi«,PBS.T.ece,.«e..>,e„f«e.w„hee»„oUce«eacia 
p, VV) a„dDNAwasdi«e.ed/ex.rae.ed«U,0.5NPCA.a.80.9C.Cto,20,„u,. 
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RESULTS 

in the SHR parathyroid gland 

Us.g sense c.d«epri™r.(.o™ap„..ivea.i„o acid se,u=„ceofPHP(24,)andahyb.d 
„U,o dT pn„er, S'-RACE e.peHme„.s, performed on .o., RNA ex«ac,ed fton, SHR FTC 
e„,„,ed in ,ow.a,ciun. n,ediu., gene».ed , n,.o. 700-bp fta^en. .ha. was di,es.ed and 
.„nedi„«.e Bangui, of pSP72.AsaBan,H,si. was p.es.„. in U,e,OO..pf™sn>en.,a 

^„„.inan.p,as™idcon«ininsa300.pinse„wasiso,a,edands^»eneed.™s.a^e„was 
^.„sc.en.hePTCUbra:.aad»gene.,ene„o,i,o„.c,eo.ideprt»rs,oe..endU,ecDNA 
.„wa,ds.he5.-andr.e„dsbyRACE.Bo.7over.appin,DNA«is„>a,edin«,ea.ove 
.pe.n,en.and,.on,SHRPTCcONA„.«.sc.eni„.aU0«..pcDNAwas.eco„s.i™.ed 

(Pi, ,A) The ilOO-bp recons.in..ed cDNA se,uence confined an open reading fnme of 
«4c„donsprecededb,2in-.a.es.opcodonsandfonowedb,.hen.os.f.e,uen.vartan.of*e 
po„AUi,(Pis..B,.A342-bpin.,onwas,o=a,.eda.pos.on-52r.n,d.e — .ni„a.ion 



P„,y A RNA was iso,a.ed as described and analyzed by No*en, hybndi.a,ion wiih .he "P- 
Ubeied 300-bp f.agn,e„. (Pi. 2A). Two bands we« de.cc.ed wi.h .bis probe, a. app,oxi„..e 

dicing. Pu«he™ore. .hey ind,ca,e - *e ^ons.ih..ed , .00-bp cDNA is a,n.os, ,en,h 
.DNAes.in..eda,>.2>cbby.hen,aj„rb.din.heno«hemhydHdiza.ione.pe.menK 
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«,.™,.S.«o„ was ae.c,=at„WKVPTC.p.oa^uU.p.sasesb. .appeared.... 
.e^c*..— of.a,c,»— ..in*ecen™e*™a,so,„=rcasM.He™KNA 
,ve.or.Uno.eUene.SHR^C.««.a..«.e,.„U.„.WKVce,Maa.a„o.sK„w„,. 
W.U,e„c„.pa,e...^A,e«....ee„2„o™o.e.,ve.u.a.„s(B„wnNo™a„BN.,. 

...» . nc ..vea r„™ SHK ... 2C pa.,) — . 
_„.ve WKV ... a. no^Ua.™. S-a,., wK. HKMP. .C n^^^ 

,.e„„.p.o.ei.(...aD,*«...o..e.a„e.,wer„.a...,ca*..heHeveU. 

.„.„„veU=.e.H.pe«»,We...T.se.*c>ea.y.o„,.a,«s„ov=Uen=.neS^^^^^^^ 

„,,.e. ca,*™ — an. .a, UveU a. s« ..h. . 

,e„e«ca,,,.ype«e.,ve«co.pa,ea.„.no— .s..n..W.>.re..,. 

Hyp^nensio-related, alcum-EegoWed Oe»= ("MO. 

T,eae.c«.p.o«in — 2.4a..oac..wUHaca,c-e..o,ec.a,we,sh.of2«56I,a. 
T...i».ap,of*.pro.e.was.O.,,co.pn.ano,™o»— .spa.,„,- 
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,SP,2 wa. inc„ba.ea i„ vi™ U, a coupled „a.c„p.— Uo„ ..=>ing sys.en,. was 
,,„.,(Un»..HC»««.«.A..-ea.es...isorapep..e„..a — .assor. 
^a *se. co.e.po».. .o .e ™o.... — - - ^ 

„..oU.ow..n.on,ana«^.(K.3,,3„e«.THe.«.....s.P^^^^^^ 

.„a.o.* o. — - - — °' " " 

heterodimers w,th other proteinW present in the lysate. 

Cloning of human HCaRG 

We.en„.e.a«,.P=.NArra.entorratHC.O(.Uo..0.nP...>-creenahn.an 
VSMC CO.. .r... we .ae„t>r,e. .vera, po*e Cones ..t »ere pnnOea, sohe ne . 
h.™aneOW.,whUeano.herc,oneso„n.a.e.on.pa.«a,«,.nee3.Areee„tse.e„cesea.^^ 

, Oensan. revea,. a re.o„ w«h co„p>e.e ... sequence ho-o. ...n 3 ^.s 
eon.a...the.ncr,n.rpr„te.nz...ne<aeees.onnnrn.rs.m...P.-«^^ 

wea.t.eflrst.„ass,^a„expressed.enes.ne„ee.„.hisONAre.on. 

K „ HCaRG and rat HCoRC showed 80% identity at the 
Sequence comparison between human HCaRG ra 

J • -1 ,i„ smi homoloay at the ammo acid level trig- 
nucleotide level (data not presented) and, similarly. 80/. homology 

,.,KePROSEARCHdatabaserevealed4overlappingpu.a"ve 
4) Analysis of protein structure with the PROSEAKt-i 
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we a>so .en-fled a „-c,e. .eee,„.«na.s -.^ (F.- ^ -'^ 



motifs were 



conserved in the rat and human amino acid sequence. 



Subcellular localization of HCaRG ^pp wr.RG 

we e,p.se. . COS. ceU. n„o.«=ce .a. 

,..:..e™.e.»..ee.«.as.en~.....„....3B,.0.^ 

/c- This result was confirmed oy 

other hand, had a very diffl- 1— „ (F,g. 5A). resu 

■f .„Hra«G (FiE 5C) and by electron microscopy 
imtnunoflaorescence using antibod,e.spec.flc.oHC.AG(F.i. 

■ eoov was also perfomred on different tissnes. In all ..ssnes studted. 
(Fig 5D). Eleclion microscopy was also peiio 

HC..awas found in the nucleus withsome labeling .nproteinsynthes. Sites. 

HCaRG expression in various human tissues 

. u u n Kp labelled HCaRG cDNA as a probe. 1 ne 
A human NtlE-airay was hybridised with human P-labelled HC 

A* tissues cell lines, fetal tissues and cancerous 
array contained 76 polyA RNAs from various adult tissues, cell im 

J,es.Xhesearrayswerenormalised.o...e.nthouse.eepin»enes.An.lys.of.ea^^ 

.owed.ha.HC..wase.pressedprepondera„dy.--.-'M^^-"^-^^^^ 
comparison Of HC..e.pression in feuuoadult organs rev^^^^^^^ 

„C».. mK..was,esse.press.ina„feta, tissues compared ,Fig...,, pa— ^ 

.^,.„ey a.d.iver..or.ernblo.co„flrmed.e.ower abundance Of H..^^^^^^^ 

h.c„mparedt„al,.ionsof..adultheari.ig..^^^^^^^^^^ 

levels in various cancerous cell lines to norma, tissues (Fig. 6C>. 

lasedmallcancerous cell lines studied..eywereals„muchl„werinagliob,as.oma,a 
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compared to .Ke san,e a™o». of normal RNA ot adia«n, .issues excised fro™> .he same 
Operational site (Fig. 6D). 

„C..O expres^ion w. de.e™.ed i» SHR .Usues . Hy«..ion. The ...ed 
a„„e.eH.op™UKybHd,.d.o.emedu„aa„d™afasc.u,a.a„f.>.ead.e„a.co«ex(P,.7). 

^ „,e W.ey. labeUng « a>mos. exclusively loca,ed i„ d,e co,U. and eo„cen».ed In .he 
.,„,a, component c„n.ras.ln,wi.hv.«uau.senee of *esi.al in glome™,! (H. 7). .a *ese 

„,ans, .he s..na, was oleaHy ^a.e, in hypotensive compa^d .o .ei. no—e 
c„n.™ls (Uwanc. ^ e. aU unp.h,ished da.). The sense probe was used as a negaUve conuol 
.a appropHa.ely revealed a low s„na, nnder onr h,hHd,..ion condilio., demons.ra.,n. 
speeificic, of .he reaction (Fig. 7 lower panels). 

HCaRamXflAleyd! after bchema-reper/ush, 

^ process of .dney ininry and reparr recapi«la.es man, aspec. of developmen.. 1. involves 
ae.d,.er.Ua«on and regeneration Of epidrelialcelK followed hydifferenliaUon (25-27). Smce 

observed .ha. «C..« mRNA levels are lower n. fe,al .han n, adnl. organs, we evalna,ed 

.C.««e.pressiona«ernnila.era, renal ischem.innninephrec.„mi.dra.s(l,)ascon.ala.era, 

nephrecromy has .en shown ,o s.-a. cell regeneralion <2S.3,). We no.ed *a. HC.RO 
^Adeemed rapidly .oi.slowes.levelsa.,hand.hofreper.s,on(P.g.S.). The. values 

.Hen increaseds.eadily.0 higher .hanhaselin.a,4Shofreper.s,on. This was observed inh^ 

.el.dneymedul,a(Pig.SA,andco«e,(Pig.SB)..ncon.ras..o.hedechneinHC.«CPmKNA 
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. „ ^hieh is wtrelated with hyperplastic response in 
,eve,s.thepro.o.onoo|ene..™.cexpr.ss,o„,wh,ch,sc ^ •„„ „n 

^.ian ecus was «pi* In-eas^ '^^^^'^ ' ' 

:r ::»:-o„. ...... a. i.eas.— -».^^^^^^^^^^ 

l.at,ho.epe.sio.ata.i..h..C.C^.U.,swe.a.a...c.... 



8A and 8C) 



O^erexpressionofHCaRGinhmscellproliferation 

:J..s„»s..™.e-.th*.p.as™..o„eor»i.P...— 
„C.O.A«...a...t,„„,s=ve.U,ones«e.e.»....he..— 

mRNA leveii,. ^ ^^^^ 

nCaKO mRNA as detected b, northern blots, .hile no HCaKG nrW^A 
clorKs nansfecled with the plasmid alone (Fig. V- 

la(cl«ncsSand.werese,ectedrorcel,pro,irera«ons.d,es..or.heses.d.es,ce„ t a. 
llec..,ththe.ectora,o„eorpo,.,ona,«C—ed ee^^^ 

. . . Of the HCi^G-transfected cell lines and vector control cells wer 
The proliferation rates of the 

J„ed nnder norma, .o.th condrtions (10. .CS and CIS, b, connhn. ce nnm.. 
:.da,.raper.odo..,sa.rpla.n..Cel.l.es^s.ected»ith.he vector a,.e(.. 

::;and.,sho»edasi.lar.o^.= asnonWec.dee,ls,n.prese„t...^^^ 

a„.e.pressi.hi.hle.,so.ratHC..re™aledamnchlo»erprol..^^^ 
.„.ol cells «hi,e polve- cells express., intemtediate valnes of HC^... re^^^^^^ 
<«.10A,C„nsisten.witha,owerproUreratio„.ate.s.b,eHC...ransrect,o„c,o„es.an 
::edlhlower..h,mid.ncinco.o.tio„thanclones.„s.cted.iththeemp..ector 



(Fig. lOB). 
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The Cloning of a novel extracellular calcium-responsive gene (^CaRG) in the rat parathyroid 
gland from SHR is described here. HCaRG mRNA and protein levels were higher in cultured 
PTC and in several organs of SHR, compared to their normotensive counterparts. They were 
negatively regulated by extracellular calcium, i.e. lowering extracellular calcium led to increases 
in HCaRG mRNA. The identification of an extracellular calcium-sensing receptor from the 
parathyroid gland has provided novel insights into the mechanisms of direct action of 
extracellular calcium on several cell types. The calcium sensor has also been localized in the 
cerebral cortex and cerebellum, in the tubular region of the kidney cortex, the thyroid, adrenal 
medulla, lung, and blood vessels (1.32,33). As shown here. HCaRG mRNA levels are also 
detected in several of these tissues. The calcium receptor is a member of the superfamiiy of G 
protein-coupled receptors activating phospholipase C (34,35). In the parathyroid gland, it is a key 
mediator of inhibition of PTH expression by high calcium (36). The calcium sensor has been 
shown, in the kidney, to be directly related to inhibition of tubular reabsorption of calcium and 
magnesium in the thick ascending loop (for review, see (34)). In PTC cultures prepared from 
human or bovine parathyroids, low extracellular calcium (0.3 mM) has been demonstrated to 
increase PTH secretion and mRNA levels whereas augmentation of calcium in the incubation 
medium reduces PTH mRNA. Similar regulation was observed for PHF in rat parathyroid cells 
(9). We show here that HCaRG expression is regulated in a manner similar to PTH and PHF in 
PTC isolated from the rat. 

To date, very few extracellular calcium-negative responsive genes have been cloned. 
Parathormone was the first gene described to possess a negative calcium-responsive element 
(nCARE) in its 5'flanking region (37). Several types of nCARE have been reported: Type 2 is a 
regulatory element consisting of a palindromic core sequence and several upstream T nucleotides 
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pwenl study, HOrfC may be one of them. 
„a.«OU„o.on.yexp.,se...h=pa*toM..na.u.a.o.mos.o,san...s.eda,.o„^^ 
vana.,e .ev.s. E-evat. HC».. ..U have ^ noted — m .He t,... . 
.ype^ensi. a.»., s„.e.ns a— Us . «C.O .e.,a..n m seve . 
,. M K, due to either 1) decreased extracellular catawn levels; 2) an 
organs of SHR that could be due to either, i, 

alrma, response to extracellular calcum; 3, ahuor,™, transc„pt—ty of HC^O 
1. . hyper.cus.ve rats, or . a comhma.lou of these. A state . negative calcium ha auce 
Theen dellhed ,n SHR that could support the r,.t possthlUty. Ou the other hand, Wol 
mRKA levels were observed In PTC from SHR th«„ .om WKV at uorrna 
lumconce„tra.lo„<«g.K,.Th„s,.hemodes.reduc.lonorc.cem,amhype,tens,ouwdl.^ 

degradation of this gene product in hypertension. 

„ ,„ the HCoRG open reading frame was found in the 
No homologous protcm sequence to the HCaKU P ,fk„„™,s 
SWlSSPROTB,Ndatahase.The«0.«Cco<.i„gse,uencecon.ainslc„nsensusm.^w^a 

«,eEB-handorH.HCamo.ir(ng.3dashedhox,.Thismo.if generally co„s.s.sofan-res.du^ 

Ca.bindi.gloopfla..edhyaa-heliccs,B.gh.of.hel0mo3tc„nse.edaminoac,dsare^«^^ 

, HC„«0 protein. Usually, the basic st^ctural,—, u.,t consists of a patr of .1 tum 
.tadingsites rather thanasingleHLHmottf The «C^0 coding sequence contams only. B^^ 

1 m .if but it U possible that its h,gh o-heUx content favours co„ed.oil rntcraCo. - 
„,onof the protein. Pairingofthe.BP-handmotifs may enhance ,.cal.ur^.^^^ 
H«lges and collaborators (3,,40)have demonstrated thatdomainraoftroponmCasyntheUC 
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,n P.se.e . Co.. — » ~ ^^^^^^ 
, ■ h nHm. siK IV Of troponin C was shown to fptm a din.a (42). These SB 
containing calcum-bmdmg site IV ot p r ,;„.|e HLH stractores centrals 

»d others (43^5) have demonstrate.) that dimenzatton of single HLH sttn 

lity 1 that even hotnodinters can hind : calciun, tnolecnles wtth pos.nve 
:. rrHvatop.oh,e — at .e interTace ..ween calci— g sites 
cooperattvtty (40). Hy ^ 

"^^'"Trirrrriedncing— 

rrrZvalentho— co.^^^^^^ 

,„..,..._o.a— lc.lc,o„do.ain.„„«.Pro^^ 

several characteristics of HCaRO are similar to those of S100A2 protem, 

f the EF hand type d,a. is preferentialiy expressed in the nncieus of norma, cells but 
p^otetnoftheEF-handtyp P ^^^^^ ^^^^^^ 

down-regulated in Mmors (44). As w.m 

calcium (46,47). 

. , „f HCaRG from a VSMC cDNA library, using a 437-bp 

ftagment of rat «C./!0 a P „^i„. „,«ctio„ ftagm^ 

- rat scuence and to contarn t e '^;;^^,^^^„„_„,,„,(,.mb>ayet 
HymorphtsmpentUttedustolocah^theH^^-o ^^^^ 
.,.npubl.shed,.Thegenewasass,gn -.-^ Jsted the assignment of HC.. on 

"""'""7' l3„meSelonescontainingZFP7.Uwas,therefore,possible 
'^T::T:ZZ..^. — on. ... asstg^e.. .is regton 
rri^Linseveralbone diseases, mc,udingos.pet.,s 

and several human neoplasms (48,49). 
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with nuclear receptors (5 1 )- we havc 

of WCo^G protein -es*UBeneapo<e„.ia..ransoriplion,e^la,or. 

^ .h, ,« kidney (Kid-1) was idenlified (52-55). I< was 
Kecen«y,a„ew»anscnp.ionfac«fto»..h.-^dney ) 

u H I n.RNA levels declined after renal injury seconaary 

OR in We demonstrate here that HCaRij hikina 
^Wa, celi regenerauon (28-31). We 

,„d 6 h after ischemia in eon>ras. .0 c-mye expression 

.po.es (.>. we aiso o.ser,ed .a. . — : 

— '°-''°--"^::;;r:ro j^^^^ 

......enepro™-^^^ 

:i:::;r— ^^^^^^^^ 
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promoting effect of //Ca^^?. 

.,a,..X— „o,.C...RNA.veU,„re.aHoa.U„.a.a„a„o.a,a^.^o. 

.... .a. nC..O . .p^ssea . a,, a- n„™a> We a.o .po« 

... .C»«0 .RNA ,eve. a,e d... .«*s.„ wMe. 

«ane, on.„... , «s »c,ea. ,«ca,>sa.,»„, .e«ir,e. a„. pa«e™. of 

exp.s3,onna.ea.isge„eapo.n.ia,re.U.orofceU»,a,pro,ifera.io„. 
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FIGURE LEGENDS: 



, • of HCaRG A. Reconstitution scheme of HCaRG cDNA. 
FIGURE 1. cDNA cloning of HCaKO. a. 

■ f wr^RG 1 100-bp cDNA are shown. 

. ■ ^' RACF and 3'-RACE Strategies as well as by 
.DNA fragments were »iaUyob..,„ed.s,„g5. RACE .nd 3 

. 3SHRpar.0>V.o.-cDNA,ibra,y.TKer»s.cONAf,agme».wa.by3 ■RACE<3r290,. 

ThisinUialih,gme„.sen.ed.oso,een>heSHRparaa,yr , . , ,dNA 

A ur^an 10-174 were isolated from the cuina 
,3 + 2c-t7 HCaRG 825, HCa«(7 10-ic, and HCaRG 10 

.4 K« s- RACE This reconstitution was 
Fra^eou 5r 2S5 and 5r 260 we. «bu,ned by 5 RACE. 

■ .860bpPCRprodue,wUhnes.edpr™ersi»5r260a„dHC»«C825 
..r™edby.e,u.ne.gaS60-bpPCRp <,,„.ed a.,„o aeid 

.de„„.*g«>eeo™p.e,eopenread,ngfra..8.Nue>eo.,d 

of HC»«G Tbe .ranslauon inUiaHon ^ sUe eodon . a. PO=...o. ^ 
.,nenc=s of ^^^^^ ^^^^ .^^ 

temination codon is at posmon 675. The d 



triangle. 



onor.noveUenene.aUve.r.^^^^^^ 

• . P w ARNAisolatedfromparathyroidoelMPTC). KCa.G mRNA 
Northern blot analysis of Poly A RNA 

, 1 0 ,nd 1 4 kb The positions of nbosomal Rl^As ana 
c c Hm.blet of approximately 1.2 and 1.4 kd. v 
appears as a douDiei oi oi^i' /vx/k ffrom 

O POH « a. -eated. PTC e.,ae.ed T.. no— e (W.V, (. 

" "Is. To.,RKAwase..e.eda„d-ysedbyRT.PCRasdesc.bed,n,He 

„ed»n,fo,2and4Sh.To , , ,„o.3 (« calcun. s.gnmcan.W 

Exnerimenlal Ptoeeduies seelion. l»enbat,on of PTC 

a ,„ 2 .nM (N) caleiunt; this increase lasted up to 48 h. C 
tacreased HCr.SC oOiNA eotnpared to 2 nAl (N) 
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p,o.e..<.,ex»ac.ed.^«y.o™..e.-e,sorSHR..BN..,a„„...n„™o^We..,n. 

,he mean + S E M. ofZ Mcpe-den. experiments petfom-ed in duplica«. 
The figure represents the mean x a.n.m 

*Mndicatesp<0.O2,*indicatesp<0.05 as evaluated by the unpairedMest. 

. n of HCaRG cDNA. cDNA was cloned into pSP72 vector and 
FIGURE 3. In vitro translation of HCaRU cuina 

^ conpied «3n.Hp.ion..an.*n .» .e p..nce of e. Une . 

„ei^. .ane . — prodnc. or .e eon., — .en. ,.e . — 

,....U,onU.einse..a„e..an«onp™docU.on>HC„..eONA;>ane3: — 
p.dnc.orHO,.<.eONA.ne p™-e.n. were .pa.,ea.y ...PACE in .hepresenee Oa.es 

.„ , a.enoe Cane S, or „oe.ano,. ..on or HC.. eON^ 

,,,a.3p.o.ei„on,i=DaOane4,,n..ea.eneeorp.n.e.ap.oe.M„o,,ap.odo=.or«^a 

„..oo.e„edOaneS,..es«n..n.— o...e— ai.md.«^^^ 
fonnXionorho— o,he,e,od.me.sw.*o-,e.pro.e,n,,presen,in.Ke,y.a,e. 

3„.„„aeidse.eneeaor.«C.«.«a„do»n™n«C..C™a«a.^ 
,.„Hea,™.oaci.a.e.xed«.,e«.a.„oaoi.a.e.aded.Weea,eo,aM.^^^^ 
.„.o,o..™een.^e.se,nenees.Ma,.is.vea,ed.on.o,o..o*eE..ndn.„,,r,w.^^^^ 

(^,e.ined,«ea,soiden.ir.eaanuc,ea„eeep,o..«n.don.in,.oMa„d..,.es,. 
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pBOPP vecor a,o„e *ow dim.. nu„« ,A, -e o* .^.fec.e. .,U, pECPP- 

..nro fB^ Nuclear localization was confirmed by 
HCaRG present nuclear fluorescence (B). Mucieai 

„ COS 7 cells transfected with pcDNAl/Neo-//C./?G (C), and by 
immunofluorescence on COS-/ ceiis 

electron microscopy (D) on pituitary. 

-K nf HCaRG aiRNA. A. Comparison of HCaRG expression in 
FIGURE 6. Tissue distribution of HCaRG oikina. 

p„,..K.A.o...Una3-.».a„.ea«s.HCaRO,s„o..p.sse..„..Ue,onsor.. 

CL: . C. C— „ or HC».C .pres.o„ ,„ a« .u.a„ o.a.s 

„„p3.c.X,.ph«c.e(.n„™>;nBu«M,™p.o.aRap.SB„«,v™pHo.aOa^ 
...„e.e(.n„™a,O>..™aH.*^,ea..aK.««.e.e.aM0.T.,^ 
«„o™a,;Oco.o.ec.Uae— aSW.S0,.U„.(.»o™a,D.un.ca,*o.aA54, 
,.„^e„.o— 20p.of».>K.Ai»>a.d...3«e.a.Ha™a„».-(T)a„. 

.„.H,s.e(^0«c.seaaU.esa.eope.«o„a.>..KC»..e«p^.«ni..e..a^^^ 
kidney and liver tumours. 

„ 7. . * K,.Ha,..>o. HC..<. .„ ..e ...... 

or HC^a - - ».ows .peCc .e.=c.,o. . -he .o„a 
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„ ana — spec* .y.H..-,o„ in .dne, Is ...ce. .o pro.nna, 

v,.al a..nce . .e „o.e™,. ,0). (Uppe, panels: a„Use.e p,o.e, lower 
panels: sense probe). 

nCOBKS, A..,,s..-.-.n., n.«NA0. HC«««.n- c.».c....n.a a«e. .sc..™.a ana 

....speHo.s.rrepe.„s..n..Do.Mo,ono.,KKA,a.en.op>U,e™eannaor.d„e.s 

isc^e-nia ana repe^^n for vaH„„s.i™epeHoas,Mnin.s,or^^ 
eon.>aUra,con.o,.ane,s(ao«eaanes,.HC.«.n*KAaee„nearap*.ol.s,owes..^^^^ 
3,,a„a..ofreper«..„.U*e„>n.reas.s.aa,..oe.ceea^e,,nea,..orreper.«^^ 
,„eon.ras......,.A..e,sroseara™a«....ana..«rnea.,o„— 

,„,...o,reper«.s.„..Kepresen<a..enor..e,.*.sor«-Oana.....RN.^ 

(„a.O)ornHor24h(c-.,.)orr=p.r^s,on,>/R)orfro.con..>a.era,con,ro,«ane,s(C). 

nG«KK 9. C.arac,er.a«on 0. s.a«e ce„ U.es. ce„s .ransfeo.ed - 

pcBKA./Neo or poDNA,/Neo ra. were e. Tor expressron of ra. 

.or^Mo.us..ra..C».<.asapro..Ra.«C».<.was.ae...Me.ce„s,.a„sf.e.e.w.. 
,ee,np.vec.orw.,e.ffer..=v=.s of expression were o^rvea in ee„s.ranfec,e.w,.H.e 

„ec.ore,pres.in.HC.«a.T.,eveisofec.„p,ce.pressio„were— ^ 
measurement and normalized to GAPDH. 

„...HC^-.pr.ss>o„....Uce„pr.,«era«,n..S.a.,eo,„nesNeo,,Neo6,Neo 
Po,..C»..»,«anaHC».«Po.werep,a.o.a.,owaonsi„.Poreac.,i.nepo,n., 
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experiment performed in triplicate. 
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A 




;,XG TCT GCT TTG GGG GCT GCA GCT CCA TAC T^^ ^, ^ ^. ^ 3,, hxs Ser Gly 

Met ser Ala Leu Gly Ala Ala Ala ^, 
COG GTC AGT ^C CTG GGT .CC CAG CCC TC. CCA GAA GTG ACG G^^ 

Arg Val Ser Phe Leu Gly Ser ^ 1 

..c ™ =.0 - s - s5 ^ ^ s ?s «• - 

Lys ASP Leu Asp Arg Ser Thr Pne iu:g aAC CTG TCA GAA GAG 2 

- AAA GAC TGC A^ G^ OCT GTG GAG CAA CTT GGT GCC AGC GCC AAC 

Gly Lys ASP Cys Arg Glu Ala CTC CGG CTG CCC 3 

COT CTG GCC GTC CTG CTG GCG OGC ACA CAC ACC CTG CTC CA^ 

Arg Leu Ala Val Leu Leu Ala Gly Tn cAG GAA CTT GGC ATT CCT CAG : 

OCT GCT AGT CTA ^G CCA GAT GCC TTC CAG GAA GAG CTC CAG 

pro Ala ser Leu Lys Pro Asp Ai ^ , 

-A A^ ^ TTG GCC AGT TTG GCA TTT GGG AGT CAA , 

Asp Leu lie Gly Asp Leu Ala ^^^^ 
O.A GCC CAA CAG CAG GGA TCC TCG CTG CCT CAC GTG TCT TAC TT^ 

val Ala Gin Gin Gin Gly Ser „G 
OTG GCC ATC TCA ACC AGC GCT CAG TCC CGC TCC CTG CAA CCG AGT 

Ala lie ser Thr Ser Ala Gin Axg ^ -ttt CAG GAG CTG 

AAG CTC ACA GAT GGA TCT GCA CAC C^C TTC GAG GTG CCC AT^ 

Lys Leu Thr Asp Gly Ser Ala his Arg . ^ oAG AAG AAG TCT GAG CGC 

- - - n S ITu SIf S SI - - - 2S SI cv. o.. 
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FIGURE 2 



CA 02312266 2000-07-1' 




79500 

49500 

34800 
28300 

20400 



7200 



FIGUPE 3 




FIGUBE 4 



CA 02312266 2000-07-14 





FIGUEE 5 
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FIGUKK 6 
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pcDNAl/Neo 
pcDNAVNeo_ , ^^^P^'^^ ^ 
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FIGUBE 10 



